Introduction
Hematologic malignancies (HMs) are a heterogeneous group of diseases of diverse incidence, prognosis, and etiology. Most populationbased studies on the incidence of HMs have grouped these diseases into broad categories: Hodgkin versus non-Hodgkin lymphoma, acute versus chronic, and lymphatic versus myeloid leukemia. 1, 2 Comparison of HM incidence across regions and over time is complicated by the existence of different disease classification systems and by the fact that the criteria for disease definition vary between countries, and even between treatment centers and cancer registries (CRs) within a country. 3 The situation is further complicated by the major changes in HM classification that have occurred in recent years. The most recent HM classifications, the third revision of the International Classification of Diseases-Oncology (ICD-O-3) published in 2000 4 and the closely related World Health Organization (WHO) publications 5, 6 classify HMs at the most basic level according to cell lineage and cell maturity but use morphologic, genotypic, genetic, and immunohistochemical criteria, as well as clinical behavior, to further subdivide these entities. The ICD-O-3 classification is thought to have been applied retrospectively by most European CRs to their HM incident data from the year 2000.
HAEMACARE is a European CR-based project funded by the European Commission and set up in 2005 to improve the standardization and availability of population-based data on HMs archived by EUROCARE CRs. 7, 8 Under the aegis of HAEMACARE, hematologists, pathologists, and epidemiologists from several European countries reached a consensus on the grouping of lymphoid and myeloid neoplasms (as defined by ICD-O-3 morphology codes and WHO recommendations) into categories based primarily on cell lineage but with subcategories based on similar prognosis and therefore useful for epidemiologic and public health purposes. The HAEMACARE grouping system thus produced incorporates the latest changes introduced by the WHO classification 6 and is consistent with the classification of lymphoid neoplasms for epidemiologic research proposed by the Pathology Working Group of the International Lymphoma Epidemiology Consortium (InterLymph) in 2007. 9 The aim of this study is to present and analyze data on HM incidence from European CRs, classified according to ICD-O-3 morphology codes, and grouped according to HAEMACARE indications. To ensure analysis of a relatively homogeneous set of cases, only cases incident from 2000-2002 were considered.
Methods

Cancer registries
The present EUROCARE network includes most, but not all, European CRs and covers approximately 30% of the European population. All EURO-CARE CRs were invited to participate in the present HAEMACARE study, but only 48 CRs, operating in 20 countries, 8 had incidence data for at least one of the predefined study years (2000) (2001) (2002) . Eleven of the CRs participating in the present study cover populations of entire countries; the other CRs cover variable percentages of national populations. The CRs were grouped into 5 geographic regions: Northern Europe (Iceland, Norway, and Sweden); United Kingdom and Ireland (England, Ireland, Northern Ireland, Scotland, and Wales); Central Europe (Austria, France, Germany, Switzerland, and The Netherlands); Southern Europe (Italy, Malta, Slovenia, and Spain); and Eastern Europe (Czech Republic, Poland, and Slovakia).
The proportion of national coverage and number of cases contributed by each CR, with age at diagnosis, are shown in Table 1 To obtain a set of cases with adequately specified morphology, we excluded CRs for which not otherwise specified (NOS) morphology constituted Ն 30% of cases. The ICD-O-3 NOS codes are: lymphoma, 9590; non-Hodgkin lymphoma (NHL), 9591; lymphatic leukemia, 9820; leukemia, 9832; acute leukemia, 9800 and 9801; ambiguous lineage, 9805; and myeloid leukemia, 9860. The CRs of Austria, Cracow (Poland), Reggio Emilia (Italy), and Umbria (Italy) were excluded for this reason. The resulting study population, from the remaining 44 CRs, consisted of 88 167 cases: 66 371 lymphoid and 21 796 myeloid.
Data completeness
The present dataset was collected principally for the purposes of survival analysis. To investigate incidence completeness, the age-standardized incidence rates for Hodgkin lymphoma (HL), immunoproliferative disease, multiple myeloma, and myeloid leukemia, in the present dataset were compared with the incidence rates published in volume IX of Cancer Incidence in 5 Continents (CI5), 1 for the same CRs over the same incidence period. CI5 is the official publication of population-based CRs worldwide and can be considered the "gold standard" because only data from CRs satisfying CI5's stringent criteria for data quality and completeness are published. The results of the comparison (supplemental Table 1 , available on the Blood Web site; see the Supplemental Materials link at the top of the online article) showed, in all cases, that age-standardized incidence rates were closely similar, indicating that our data were as complete as those of CI5.
HM categories
ICD-O-3 codes for HMs were grouped into the 2 main disease lineages (lymphoid and myeloid) according to WHO indications. In accord with the HAEMACARE 7 and InterLymph 9 recommendations, lymphoid malignancies were grouped into 5 major categories (Table 2) : HL, mature B-cell neoplasms, mature T-cell and natural killer cell neoplasms (T-NK), lymphoblastic lymphoma/acute (precursor cell) lymphatic leukemia (LL/ ALL), and lymphoid NOS. These groups were subdivided according to lineage, again in accord with WHO and HAEMACARE (Table 2) . Specifically, small B-cell lymphocytic lymphoma (SBLL)/chronic lymphatic leukemia (CLL) were analyzed together, as were Burkitt lymphoma and Burkitt leukemia (as noted previously). LL/ALL were divided into B-cell, T-cell, and NOS types. Within the mature B-cell neoplasm category, mature B-cell leukemia includes prolymphocytic leukemia B-cell type and mature hairy cell B leukemia, and plasma cell neoplasms were a major subcategory.
T-NK-cell neoplasms were divided into cutaneous and other T-cell neoplasms. Unknown lymphoid neoplasms were separated into lymphoma NOS, NHL NOS, and lymphatic leukemia NOS.
Myeloid malignancies (Table 3) were grouped into 5 large categories: acute myeloid leukemia (AML), myeloproliferative neoplasms, myelodysplastic syndrome, myelodysplastic/myeloproliferative neoplasms, and unknown myeloid neoplasms. AML was subdivided into 5 subgroups, in accord with WHO indications. Myeloproliferative neoplasms were subdivided into chronic myeloid leukemia (CML) and other morphologic subgroups (other myeloproliferative neoplasms). Unknown myeloid neoplasms were divided into leukemia NOS and myeloid leukemia NOS.
Statistical analysis
We estimated crude incidence rates per 100 000 with 95% confidence intervals (95% confidence interval [CI]) for each sex and each morphologic subcategory (as shown in the left column of Tables 2, 3 ) by CR, using CR area-specific populations. 10 We also estimated incidence according to age at diagnosis, grouped into 6 categories: 0-14, 15-44, 45-54, 55-64, 65-74, and 75-99 years. Finally, we estimated, using the direct method, agestandardized incidence rates per 100 000 for each CR area, and for the entire dataset, for each of the HAEMACARE disease categories (5 lymphoid and 5 myeloid) defined in "HM categories," considering the European population as standard. The calculations and analyses were carried out using the SEER STAT software package, Version 6. Considering specific lymphoid malignancy subgroups, the overall crude incidence rate of HL was 2.49, the commonest subtype being classic HL with nodular sclerosis. The overall crude incidence rate of mature B-cell neoplasms was 19.14. The most common subtypes were SBLL/CLL (4.92), diffuse B-cell lymphoma (3.81), and follicular B-cell lymphoma (2.18). Immunoproliferative diseases, mantle cell/centrocytic lymphoma, Burkitt lymphoma/leukemia, marginal zone lymphoma, and mature B-cell leukemias (prolymphocytic and hairy cell) all had crude incidence rates of less than 1, whereas the incidence of plasma cell neoplasms, mainly multiple myeloma, was fairly high at 6.01.
Results
The overall incidence of T-NK-cell neoplasms was 1.13, approximately one-half of which were cutaneous T-cell lymphomas and the other half T-cell lymphomas. The crude incidence of LL/ALL was 1.28, for most of which (1.17) the B versus T type was unknown (ie, NOS). The crude incidence of unknown types of lymphoid neoplasm was 5.60, including NHL NOS at 3.33, based For personal use only. on November 13, 2017. by guest www.bloodjournal.org From on 7450 cases; and lymphoma NOS at 2.14, based on 4803 cases. For most lymphoid malignancies, crude incidence was higher in men than in women. Considering specific myeloid subgroups, the overall incidence rate of AML was 3.62. The most common AML was subgroup 1 (Table 3) , with incidence 3.37, which includes AML NOS, and malignancies arising from various other myeloid lineages, such as myelomonocytic, monocytic, basophilic, erythroid, and megakaryoblastic forms. The incidence of subgroup 2, composed of promyelocytic leukemia and other AMLs with recurrent genetic abnormalities, was 0.14. There were 137 cases in subgroup 3, including AML with multilineage dysplasia and refractory anemia with excess blasts in transformation; 106 cases in subgroup 4, including acute panmyelosis with myelofibrosis and only 8 cases of therapy-related AML, NOS, or therapy-related myelodysplastic syndrome, NOS (not shown in Table 3 ).
There were 7474 incident cases of myeloproliferative neoplasms, with overall incidence 3.34. This category included CML (crude incidence 1.10) and other myeloproliferative neoplasms (2.24). The crude incidence of myelodysplastic syndrome was 1.82, whereas for myelodysplastic/myeloproliferative neoplasms mainly represented by chronic myelomonocytic leukemia (756 of 776 cases), incidence was 0.35.
The incidence of leukemia NOS was 0.45, based on 1010 cases and incidence of myeloid leukemia NOS was 0.16, based on 355 cases.
Like lymphoid malignancies, for most myeloid malignancies incidence was higher in males than females. Figure 1 shows age-specific incidence rates (per 100 000) for lymphoid and myeloid malignancies, respectively, by broad HAEMACARE groupings and by age class. Incidence generally increased with age, reaching a maximum at 75-99 years. Notable exceptions were HL and LL/ALL: For HL, incidence was bimodal, peaking at 15-44 years (3.35; 95% CI, 3.23-3.47) and 65-74 years (2.80; 95% CI, 2.56-3.05). For LL/ALL, incidence was high at 0-14 years (3.59; 95% CI, 3.40-4.78), decreased to 0.53 (95% CI, 0.45-0.61) at 45-54 years and increased with advancing age thereafter (to 1.45; 95% CI, 1.27-1.65, at 75-99 years). The incidence trend with age for Burkitt lymphoma/ leukemia also showed a trough, with a peak in childhood (0.26, 95% CI, 0.22-0.32), which declined at 15-44 years and 45-54 years (0.17; 95% CI, 0.14-0.19 and 0.17; 95% CI, 0.13-0.23) and increased subsequently, to 0.33 (95% CI, 0.25-0.43) at 75-99 years. Figure 2 shows age-standardized incidence rates by European region for broad HAEMACARE groupings. Considering first lymphoid malignancies, with reference to the European average, HL incidence was significantly higher in Southern Europe (2.97) and significantly lower in Eastern Europe (2.12) and Northern Europe (2.04). For SBLL/CLL, incidence rates were closely similar across the 5 regions. For diffuse B-cell lymphoma, incidence was significantly lower in Eastern Europe (1.79) and Northern Europe (0.79), with no remarkable differences between other European regions. For follicular B-cell lymphoma, incidence was significantly lower in Eastern Europe (0.83) and significantly higher in Central Europe (2.47) and United Kingdom and Ireland (2.19). For immunoproliferative diseases, incidence was significantly lower than the European average in the United Kingdom and Ireland (0.48) and Eastern Europe (0.47). For T-NK-cell neoplasms, 
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BLOOD, 11 NOVEMBER 2010 ⅐ VOLUME 116, NUMBER 19 For personal use only. on November 13, 2017. by guest www.bloodjournal.org From For personal use only. on November 13, 2017. by guest www.bloodjournal.org From incidence was significantly higher in Southern Europe (1.46) and lower in Eastern Europe (0.46) and Northern Europe (0.77). For LL/ALL, incidence was also significantly higher in Southern Europe (1.78). For plasma cell neoplasms, incidence was significantly lower in Eastern Europe (3.52) and higher in United Kingdom and Ireland (4.89). For lymphoid malignancies of unknown type, incidence was significantly higher in Northern Europe (7.53), whereas for all lymphoid malignancies together, incidence was significantly lower in Eastern Europe (16.62) and higher in Southern Europe (26.84) and United Kingdom and Ireland (25.87) .
Considering now myeloid malignancies, the incidence of AML was significantly lower than the European average in Eastern Europe (2.07) and higher in the United Kingdom and Ireland (3.24). The incidence of CML was significantly higher in Southern Europe (1.16), with no remarkable differences across the other areas. For myelodysplastic syndrome and other myeloproliferative neoplasms, incidence was significantly higher than the European average in United Kingdom and Ireland (2.08 and 2.35, respectively) and lower in Eastern Europe (0.27 and 0.35, respectively). For unknown myeloid neoplasms, incidence was highest in Southern Europe (0.73). For all myeloid malignancies (total), United Kingdom and Ireland had the highest incidence (9.22) and Eastern Europe the lowest (4.11).
Discussion
Incidence is one of the major measures of disease burden in a population (together with prevalence, mortality, and survival) and serves as an important guide the allocation of public health resources. Most previous studies on HM incidence divided the daunting number of HM subtypes into broad categories taking no account of the great variation in prognosis between diseases of similar cell lineage or maturation stage. For epidemiologic and public health purposes, it makes more sense to group diseases (defined by ICD-O-3 code) into categories useful for investigating prognosis and testing etiologic hypotheses because diseases arising from the same cell lineage may have similar etiologies, and are more compatible with clinical classifications than the broad categories used by CRs.
We considered only cases incident in 2000-2002, when the ICD-O-3 classification was being used by all CRs participating in this study. Nevertheless, the availability and quality of morphology data varied between CRs and countries. We therefore further restricted our analysis to CRs that had less than 30% of NOS cases, an arbitrary percentage nonetheless indicating a reasonably satisfactory level of detail of information on morphology. Even with this restriction, however, the numbers of cases with poorly defined morphology (particularly lymphoma NOS and NHL NOS) were relatively high. Centralized revision of slides would have improved the quality of our data, but the resources were not available for such a task.
On the positive side, the high concordance of incidence data with that published in CI5 1 supports the completeness of our incidence estimates for the HM categories compared.
In agreement with other studies, 9,11,12 we found that incidence varied with HM type. Thus, lymphoid malignancies were more common than myeloid malignancies. In addition, for both these disease groupings, incidence increased steadily with advancing age. As for solid cancers, accumulating DNA damage and diminished immune Table 2 have been included in the totals.
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BLOOD, 11 NOVEMBER 2010 ⅐ VOLUME 116, NUMBER 19 For personal use only. on November 13, 2017. by guest www.bloodjournal.org From 44-year age range, and there was a trough of the incidence of Burkitt lymphoma/leukemia at 15-44 years. The childhood peak in LL/ALL is well known 1,2 and has been related to host susceptibility factors and response to antigens in early or prenatal life, 14 to exposure to electromagnetic fields, 15 or to exposure to benzene and other hydrocarbons from traffic during intrauterine life and childhood. 16 The hypothesis that children are more susceptible than adults to the carcinogenic effects of benzene deserves further investigation. 16 Paternal smoking has been significantly linked to childhood LL/ALL, Burkitt lymphoma/leukemia, and AML. 17 The bimodal age trend for HL incidence has been noted previously. 1, 2 It has been suggested that the HL incidence peak in children, which tends to affect children of poorer families, is due to an infectious agent. The peak in young adults, on the other hand, could result from infection by an agent that commonly attacks children in whom it rarely causes HL but is more likely to do so if it affects adolescents or young adults. 18 The main candidate proposed as cause of HL (and other HMs) is Epstein-Barr virus. 19 We found that HM incidence was generally lower in women than men; this is a well-known phenomenon 1,2 and could be in part the result of lower exposure to environmental and occupational risk factors in women than men. Thus, increased risk of lymphoid malignancies has been documented in farmers exposed to pesticides, 20, 21 in workers in industries using formaldehyde, 22 and in those exposed to dioxins. 23 Most workers in these sectors are male. In the years before the study period, the greater prevalence of HIV infection in men than women was probably responsible for the higher incidence of NHL in men 24, 25 ; however, the introduction of aggressive antiretroviral therapies in the mid 1990s appears to have lowered the incidence of NHL in HIV-infected persons. 25, 26 The higher prevalence of smoking 27 and greater alcohol intake in men 
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SANT et al BLOOD, 11 NOVEMBER 2010 ⅐ VOLUME 116, NUMBER 19 For personal use only. on November 13, 2017 . by guest www.bloodjournal.org From than women may also contribute to the higher incidence of all HMs in men than in women. However, results of studies on smoking status and NHL risk are conflicting, 25 as are results of studies investigating the association between alcohol consumption and myeloid leukemia. 28 Some studies indicate that alcohol consumption is associated with reduced risk of NHL. 25 The incidence of most cancers (not only HMs) is lower in women than men. 29 Cook et al suggested that "universal mechanisms" might increase male susceptibility to cancer. 29 They also cited various possible explanatory hypotheses, including those noted earlier in this paragraph and hormonal and genetic differences between men and women. We found that the incidence of most HMs varied considerably across Europe, with lowest rates of both lymphoid and myeloid malignancies in Eastern Europe ( Figure 2 ). As regards lymphoid malignancies, the highest incidence of HL, LL/ALL, and mature T-NK neoplasms was in Southern Europe, and of diffuse and follicular B-cell neoplasms in Central Europe. Conversely, the United Kingdom and Ireland had the highest incidence of AML, myelodysplastic syndrome, and other myeloproliferative neoplasms. High incidence of most lymphoid malignancies in Southern Europe has been reported by other studies. 1,2 However, we are not aware of studies that have attempted to correlate known risk factors for HMs with regional variations in incidence (as opposed to incidence hotspots). It is noteworthy that the regional variation in incidence of all lymphoid malignancies was less marked than the variation for specific lymphoid subgroups. This suggests that the geographic variation for lymphoid subgroups may be the result of more coding and diagnostic practices, including variation among pathologists in applying the classification criteria, than regional differences in prevalence of risk factors (and hence real differences in incidence). In Northern Europe, the high incidence of NOS in contrast with the low incidence of diffuse B-cell lymphoma suggests that a substantial fraction of the latter was registered as unknown lymphoid neoplasms.
It is also noteworthy that there was considerably less geographic variation in the incidence of AML and CML than for myelodysplastic syndrome and for other myeloproliferative neoplasms ( Figure 2B ). For the first 2 entities, diagnostic and classification criteria have been stable for some time, whereas for the latter 2, important changes in classification have occurred.
The high incidence of NOS cases in the elderly suggests lower diagnostic intensity, in turn suggesting inadequate diagnostic workup/ care, difficulties in accessing hospitals, or poverty in elderly patients. Elderly patients may also be considered by physicians to have poor prognoses (perhaps because of the frequent presence of comorbidities), and thus receive a suboptimal diagnostic workup.
Our finding of conspicuously low incidence rates for both lymphoid and myeloid malignancies in Eastern Europe is in line with Globocan data. 2 This could reflect genuinely low HM incidence in this part of Europe but could also in part be the result of underreporting. When we analyzed age-specific incidence rates (data not shown), we found that for those aged up to 54 years the incidence of all lymphoid malignancies (and also of their main subtypes follicular and diffuse B-cell lymphomas) in Eastern Europe was similar to that in the other parts of Europe, whereas low incidence was conspicuous in the 75-to 99-year age group. Lower incidence in Eastern European elderly patients was particularly marked for LL/ALL, multiple myeloma, myeloproliferative neoplasms, and myelodysplastic syndrome. LL/ALL patients may escape registration because of death; the other 3 conditions can be diagnosed and treated on an outpatient basis and for this reason also probably escape cancer registration. It is possible, therefore, that these diseases are underdiagnosed in the elderly because of less thorough diagnostic investigation. 30 Epidemiologic studies using similar HM groupings and including the same ICD-O-3 codes as those used in the present study have been carried out in the United States. 9, 11, 12 The age-standardized incidence rate (per 100 000) for all lymphoid malignancies recorded by 17 SEER CRs in 2001 to 2003 was considerably higher than the age-standardized incidence recorded in our study (33.42 vs 24.50), with greatest differences for diffuse B-cell lymphoma (6.80 vs 3.13) and SBLL/CLL (5.10 vs 3.79), with less marked differences for less common subtypes, which nevertheless were consistently lower in Europe. 9 Conversely, the age-standardized incidence rate for all myeloid malignancies in 1992-2001 reported by SEER (12 CRs) was somewhat closer to the age-standardized incidence recorded in our study (6.63 vs 7.55) with lower European figures for AML (3.93 vs 2.96) and CML (1.72 vs 0.92). In 2001-2003, the incidence of myelodysplastic syndrome was considerably higher in SEER than we found in Europe (3.48 vs 1.24). 12 The lower incidence of myelodysplastic syndrome in Europe is probably in part the result of European underreporting. The disease mainly affects elderly patients who are less probable to undergo a thorough diagnostic assessment than younger patients. 30 Another possible explanation is "excessive" diagnostic activity in the United States, which could inflate incidence, especially in elderly patients in whom these diseases are relatively common.
In addition, myelodysplastic syndrome and the category "other myeloproliferative neoplasms" used to be considered nonmalignant and were not recorded by most European CRs until the adoption of ICD-O-3. Perhaps not all CRs systematically registered these diseases in 2000-2002. Analysis of 13 European CRs with stable incidence rates for myelodysplastic syndrome and other myeloproliferative neoplasms over the study period supports the hypothesis of underreporting in the other CRs. In these 13 CRs, the age-standardized incidence rate was higher than in all 44 CRs for myelodysplastic syndrome (1.97; 95% CI, 1.90-2.04 vs 1.24; 95% CI, 1.20-1.28) and other myeloproliferative neoplasms (2.70; 95% CI, 2.62-2.79 vs 1.76; 95% CI, 1.71-1.81) and closer to the SEER figures. This finding reinforces the idea that the geographic differences in incidence of these diseases in Europe are in part attributable to differences in diagnostic and registration criteria.
In conclusion, our data show that HM incidence by morphologic groupings varies across Europe. Differences in diagnostic and registration criteria across Europe contribute to these differences complicating interpretation, and emphasizing that the quality of HM data needs to be improved. If the quality of data registration improved and the HM classification system remained relatively stable (being flexible enough to accommodate advances in disease understanding without major changes), differences in incidence would increasingly reflect true variations in incidence. However, separating true incidence differences from differences resulting from variations in data quality or diagnostic criteria will always require attentive analysis of the data in relation to knowledge of local conditions.
